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ABSTRACT 

The Ttwctdatg aod Data Relay SaaettfaU Bp*** (TDRSS) It a* 
tot**^! part of the NaJlawal AcroMvtkj and Spac* AliaaharaHna 
(NASA) Spec* Natwortc TW artwork awidea tra<*JDg; ^" 7> 
Mi wmipi CTtAC) far Uw saviav-^rMtUg aaullUaa *** m *# 
Space ShaOtie, tan****, w4 HiM4t S+~c* T Ua o ipL ha Am 
fetm. TDRSS prw*U« 0W ^M«/|n>u4 l i wi ■ ■ Ir w llp na Ut 
la* $p*£» SkatUt FtW<m 

THb p-pcr 4fce-v**v *t rtqi J rmf b aaJ dai^s as* the livta^rwaed 
»»<I.m (tRX mi mMmc^ a^adrlpta** ahtn kerb* (VQfSK) 
M c**» i rVa « mo « «t»Ur •tto a«»«topoM»* foe vm U ta* TDRSS. 
Twrtp«r«nM^i ta* Mitral arehkect»»rf of t** t* *o4 

ta* ha*>t<awamir>a or tw r^^rr f a******* a* a** 



imnooucnoN 

Trarttra'tnk* of digital data aod voice between the myriad of U.S. 
and allied ifMOifl aod the associated earth-baaed Operation 
Centers (OCi) b accomplished by the NASA developed sad 
operated Space Network, spea£ca«y the TDRSS. Tbe TDRSS 
port kw of fee Space Network w developed in the Utc 1970s sod 
Occam opera tioeud in tbe mid-MOa. Three aatclUtea are current* 
oa orbit wit* additional satellite* pUaocd lor launch a* the 1990k 

A Secocd TDRSS Ground Terminal (STCT) it mem voder 
oocstructioa at Bear Creek on the NASA White S aoda Tort FacSry 
(WSTF) ia New Meaco* la coanpktii* the STCT aad rctroltkag 
tbccxislttf WUte Saoda Ground Terminal (WSCTX NASA wtfl 
receive the benefit of ovore than 10 year* of technology 

eat since WSGT was developed- These advajweancots 



hare enabled desigaen to ooanbiac ugnaJ processing faoctioan into 
fewer chaasss with eaore aajbitiou* performance aod oosrfa^iratioa 
litica. One auch rhino ia the Integrated Receiver. 



The Integrated Receiver perform earner recovery, data 
dcaaodutatm. PN deapreadiaf, aod dau jmM sdii g far telemetry 
data re tea lor 100 b pa to 300 Kbp* for spread axxie* Mad 1 Kbpa to 
12 Mbps foe ajoaipf+ad mode*. To support coherent derodafc oon 
of the TDRS siagle-aooeat antenna autotruck error atgstak, the 
unit's carrier acquintkM aod track capability cHeoda to the foil 
TDRSS 300- Mbps acrviot SmiL la corguoctioo with iaa ooaayanina 
grouod baaed modulator, the tR abo perform two-way range, 
both ooe- aad two-way dopplcr, and time transfer aaeaaurementa* 
The original tyiteaa etc ployed three diftertnt demodulator acts (I 
aad O pairs), pita external symbol lytichroaixera, decoder*, 
detatcrieavert, and data format converters, ta all, t tingle IR 
replaces the 12 diHcrenl chanb today reqaircd to avpport a nrajk 
oile-aooeai atnrkr. 



TDRSS OPERATIONAL COMMUNICATIONS 
REQUIREMENTS 

The TDRSS oatatloa provide* a oerttralfczed apace communicatlojM 
aytieca for low-earth ocbltiof ipaoecraH, without the need for a* 
extcoarrc worldwide network of groMod IcnruruOa. The tyatoaa aauit 
be capable of operating with asaoy varied vacrt through ooc of 
three atrvioea ahat are oitegorned baaed on tbe Maer link frequency 
aad daU rate, Table I bah tbe aervioea, axxiea, aod data ratca on 
TDRSS, aad indicate* whether the acrvicc b apread or nortapread 
aad whether the mode Inctodea coherent lunuiwwd at the uaer 
traawpooder. To achieve ita opcraUooaf goab ef ftciencry, the apace 
and ground arfroeota of TDRSS mini be rcconfifurablc io a 
minimus amount of thaae to aiaxim'tfr the oo-tiar comrauxOcatioa 
avpport available. 

TaUe L Data Service* aod Rates on TDRSS 



Service 


Mode 


Data Raie* 


Spread 


Cob 


SSA DC- 1 


1 


\SlQ 0.1K*150K 


Yea 


Yea 




2 


IJcQ 0.1K-150K 


Yea 


No 




3 


1 01K-150K 


Yea 


Yea 




1 


lltO 1K-3M 


No 


Yea 




2 


1«\Q 1K-3M 


No 


Yea 


KSA DO*t 


1 


la\0 aiK-lSOK 


Yea 


Yea 




2 


IAQ aiK-lSOK 


Yea 


No 




) 


I 0.1K-150K 


Yea 


Yea 






O 1K-3M 


No 


Yea 


DG-2 


1 


IAQ 1K-150M* 


No 


Ye* 




2 


IAO 1K-150M* 


No 


No 


MA DC- 1 




I AO 0.1K-S0K 


Yo 


Yea 




i i 


UO 0.1K-50K 


1 Y « 


No 



1 DaU ratca are contiaaotia range* in sample per aeeond 

2 IR data ratea limited to 6 Mapa each IflVO 



Aa depicted ia Figure 1 , eacVfroiaad terminal tajpportj (w^TDRS, 
ooe "Baattrty" aad ooc "Westerly,* via K m band llnb between the 
TDRS aod ooe of the main parabolic antenna* at the groand 
teroinal The TDRSS ttgnah acnt from the ground to Oat uaer 
tpacecrait are referred to aa forward - aignaai and aignaia cocninf 
froaa the aaer apacecrait to the grouod are "return" tignals. a 
toniuooloaj lhal aide* le pa tbe coaftuioa thai can result from the 
term "ttpUnk" aod "downlink." In addition to the user 
communication* titrati, the TDRSS tpacecrafl tracking, tele me try 
aod control (TTatQ link b aent betweca the grouod and the TDRS 
via tab path. Being ia geostationary orbit the TDRS providca 
coaUauoaa coverage of • spacecraft in orbit acroa* a full- earth 
disk, reducing tbe oeed lor multiple "baodoven" of a spacecraft 
durtag an orbit and the tubaequcot rtcaublishmcnl of tbe 
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communications link*. Thb continuous coverage by * selected 
cumber of resources reduces the costs associated with maintaining 
i apace communications network and results in increasing the 
inherent reliability of the communications service through 
redundancy at critical points in the network. 

The TDRSS satellite has two 4.9 -meter diameter 'tingle aocea* 
(SA) paracolic dishes Fach of these untcmwa can be pointed via 
the TT&C and provides both S-band sod K~band link* between 
the user satellites and the TDRS. referred to aa the S-Uod single 
access (SSA) and K-band single access (KSA) service* The TDRS 
arc nonprnccssung satellites, i.e., the trasopoadera to I We TDRS are 
nines/ beat-pipe" frequency translators. The SA signals are 
translated to/from their assigned Uok frequency sod the 
TDRS/ground frequency and re transmit ted. Only the TTaVC Koka 
are snodulaLed, demodulated, and processed m the satellite. Aa 
tspsiak pilot recovered in the TDRS provides the satellite the 
telereocc frequency source for these traauUlsos*. 

A third antenna system preseal on the TDRS b a 30-e»eo>esat 
amy, ail of which caa receive, sod 12 of which ioctwSe dlpseaecs to 
permit transmitting The ssultiple sorest (MA) amy, which la 
comprised ol these elements, is on the surface of the TDRS facing 
tbe earth. Oo the TDRS. the MA forward signal ia received frooi 
the around. Phase and gala weighting b applied before the forward 
service signal b fed to the transmit elements to affect the beasa 
required so focus the forward link st the intended user. These 
phase and gala weightings are calculated us Ihe ground terminal 
based oo user position and sent to the TDRS over the TTJfcC Uok. 

The MA return signab are taken from the output of the antenna 
elements sad seal to the ground terminal oo 30 FDMA 
subcauriera. The bcarnforming and nulling necessary for the MA 
service b performed si the ground terminal by ao adaptive grouod 
implemented phsse array (AG I PA). The return service ground 
portion b specified to provide up to 10 return services per MA 
subsystem, but this limitation b primarily s function of tbe gr ou ssd 
terminal snd not the TDRS. snd there fixe caa be ei paaw W d to 
provide more services as required. 
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USER OPERATIONS CCHTCAS 



Ffcftir* 1. TDRSS Network Structure 
Connectivity from User Spacecraft to OCs 



Chiel among the waveforms employed by the lDRSS is unbalanced 
quadriphase shift keying (OQPSK). This QPSK waveiuc m can 
accommodate the transmission of two independent data streams oo 
the same carrier, but UQPSK permits data rates ind power to he 
-unbalanced" between the two data sets, with the intent being 
equal Es/N 0 on the two data sets at different rates for optimum 
efficiency and communications performance. From a satellite 
transponder implementation standpoint thb capability periniU 
independent data sources on a single platform or bus to use a single 
RF link So/from TDRS without the need for multipleiing the data 
channel. 

More common constant envelope wavelorms can be thought of as 
special cases of the UQPSK waveform. For example, BPSK can be 
seen to be Infinitely unbalanced QPSK with the tow raleSpower 
channel going to tero. QPSK/SQPSK arc UQPSK waveforms 
where, by definition, a 1:1 rite ratio b maintained, and power 
•nfealance b usually considered a distort ion in the modulation 
process rather than a waveform characteristic. 

The return communications services are divided into data group t 
(DC- 1) and data group 2 (DG-2) lor spread and aonspread 
services, respectively. Provision' for s "split" service, i.e., a sign*! 
with both spread snd nonspread data, b provided ia DG-1, mode 
1. Each of these groups U further catcgorired based on whether the 
return service came* (snd code, if present) b coherent derived 
from the received forwsrd service (Table 1) as in DG-1, modes I 
and 3. For mode 2. the return signals arc derived from the 
oscillator on board the avr spacecraft. While thb induces potential 
frequency error of the return service due to user oscillator errors, it 
does result In 1/7 the unmodelled dopplcr offset due to user 
motion since the effected sign*! b a one-way-only service. A 
Btsaimum uamodeUed frequency offset of 4000 111 b required to 
be acquired, though the total maximum offset frocn n omi nsl IF 
frequency b > 2 M Hz. 

Foe all services (SSA.KS A.MA). range rale measure meats (one way 
or two way. depending on the service) are required. Range sum 
measure ments are a bo required to be made for SSA/MA DC-t, 
modes t snd 3. Accurate range and doppler meaaurementi oo the 
links from tbe grouod to the TDRS to the user to the TDRS to the 
ground, I.e., range sum snd rsnge rate sum, are crucial to the 
mission of the flight Dynamics Facility (FDF) to main Urn up to 
date satellite epheoserb Ui form at Ion. In addition to other uses, thb 
tniorrrutloo U in turn used by the TDRSS ground terminals to aid 
in acqubitioo of the signals from the user spacecraft. 



INTEGRATED RECEIVER DESIGN DESCRIPTION 

The Integrated Receiver is part of the User Services Subsystem 
(USS) which provides all the user communications signal processing 
for the TDRSS grouod terminals, Tbe IR b the common element 
in the SSA. MA. and KSA services, providing ill data processing 
for SSA and KtA, and providing coverage of KSA up to 6 Msps 
each I snd Q. even whea either I or Q data rate b outside the IR 
data rate range. The high data rate receiver (IIDRR) b required 
ooty to process KSA signab that arc outside the SSA range. When 
both I and Q data rales are outside its range, the IR fa still required 
to acquire and track the carrier to provide doppler tracking 
services and coherently demodulate the TDRS single-access 
antenna autotrack error signals. 

How the diverse nature of the TDRSS waveform stresses the 
demodulator becomes evident as one examines the range of 
requirements for the return services. The data rates for TDRSS 
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require the accommodation of ■ 62.3-dB dynamic range. The I »nd 
Q data channel rates can vary independently, and the portion of the 
total earner power in ihe I and O cbanneb, n determined by the 
relative phase angles generated In the anoduUtor. can vwy up to 6 
dfi. As indicated in Table l T DC- 1, mode 3 include* PN •oread 
data oa I and nonspread d«U on Q. As sn additional complication, 
the data waveform can be cither biphase or NRZ, encoded with 
either a rate 1/2 code, ooe of two rate 1/3 oodca, or no< encoded. 
The flexibility to mis: data streams on a lingte carrier b ooe of the 
advantages o< UQPSK and atao ooe <A its challenges. To optimum!? 
take advantage of this fie ability, the roodem(i) In the ground 
terminal has to be capable of demodulating ooe channel at the 
anialmum symbol rate with the other channel at the nmi aiMsa 
symbol rate, both of which can have different data formats and 
ciuractervlics while achieving near-thcorctkad BER # cyck sfia\ 
and symbol synchronizer perform* ace. 

Flgare 2 b a slanpttfied block diagram of the IR. Willi the 
exception ol the double -ooorertioo dut-chanoet front end, the IK 
is an aJI-diptal UQPSIC demodulator with duai~cnrricr rooovery 
loops that can operate in coocor! or independently. Dual 
independent rjrmbol- timing recovery loops provide aLgnala for 
docking the A/D converters, the integrate and dump arsa fitter*, 
**d the oVeoderi/d>ttterteavera/daU output channcta. This ane of 
symbol tim ing feedback m Wow the IR derive* Its aaenc and Is a 
prwaary rcuoi Ihe IR achieve* lb* required performance. 
Independent l/Q timing recovery b required to support the special 
needs of UQPSIC over the wide, continuous data rate and signal 
level range* present The remainder of tab section describes the 
operation of the main sections of the IR, and how il svppor* the 
variety ol oodca required. 

Dowucoovenioa/Saropling. The IR nukes ex tensi v e wac of 
digital signal processing to achieve iu repaired fleanbilify and 
performance. Until the input •analog* wavefortna are converted so 



a digital representation, they are subject to analog degradations. 
The conversion process it critical lor the overall performance of the 
demodulator and required to be implemented early in the 
processing of the Input. The 3 70- MHz IF input is transformed to 
baseband via a double conversion process using two NCO-D/A 
convcrtcr-GJter combinations to generate the local oacitlatoes (LO>. 
The fiat ID li a •semklosed loop" 300-Mf U source which ■ 
variable to allow jfcj .6-Mlb center frequency range about the 
nominal IF. Thn range is required to support ihe dopplee on the 
Kg -band services snd bOow lor user oscillator uncertainly. The 
tuning oi thb soorce a controlled by the firmware based on the 
expected signal frequency (acquisition) and the groas error 
experienced by the second LO after signal acquisition. By providing 
this "pne correction,'' the range required to be covered by the closed 
loop 70-MHz second LCJ is reduced to the un modelled frequency 
errors prior to acquisition, and even leas after signal acquisition. 

Conversion to digital la performed at a minimum ol four limes the 
symbol rate, independently for the t and Q channels, and the signal 
at then finite in pulse response (FIR) digitally filtered. This permits 
the antialiasing fillers cutoff frequency to be well outside the sign*! 
bandwidth, cnioioncdog tosses due to filtering distortion. Oa the 
other hand, the FIRs aet Ihe aobe hnndwidth st twice the symbol 
rale and provide a decimation by two to the desired sample rate at 
the same time. The sampled data is rooted to the arm filters and 
the PN aoquisitioQ hardware. 

Carrier Recovery. The heart of any coherent demodulator is 
Ihe carrier recovery scheme. For optimum QPSK performance, all 
of the carrier information should be used, Le., the error data from 
both Ihe I and Q channels combined. Tbe IR uses a swilchable 

order carrier tracking loop, with an FFT to aid in 
acquisition, to accommodate the high dynamics associated with 
spacecraft during maneuvers at low C/N 0 . The carrier loop is a 
hybrid implementation, with Ihe NCO output D/A. convened and 
filtered, and analog mixing used at the second IF. The baseband 
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data it then converted to digilM (or (he remainder of the 
processing. Tliis structure applies to the IR architecture as a whole. 

For UQPSK waveforms, the combining of both I and Q carrier 
error* has been examined 1 1| for active arm HI ten and a weighting 
foe the con tribu lion of each irm recommended, which optimized 
the error performance in a maximum a priori (MAP) sense. An 
anafyik of the additional error due to "crosstalk" between the low- 
and high-rate data and carrier error signals was a no presented. For 
balanced OPSK, the crosstalk terms are equal (both magnitude and 
rate) in the f and Q channels and cancel when the error signals are 
combined. To achieve the equivalent cancellation for UOfSK. the 
tame conditions are created In the IR through the relation of a 
second act of 1/1>s to "rale match" the two channel's error signals. 
The arm scaling gains are selected to cause the crosstalk term* to 
be equal after the additional 1/D, thereby efaasinatuig me crosstalk. 
This gain selection results in an effective scaling into the eotmblner 
of U^Tc . where K is the power ratio between the channels. Thb 
weighting correlates well with the rccotnmessded MAP gains, assd 
results in squaring losses tar less than that previously achieved. 

PN AcquisUioa/ProcessIng. One of the driving requirements 
for the Integrated Receiver conies from the frequent reassignment 
of ground terminal resources from one spacecraft to the next and 
the need to be able to maximize the e dec live utilization of the 
terminal. Though the ground terminal receives user ephemerts 
information from the FDF and uses it K> nicer** the loops prior to 
acquisition, a considerable range of unknown ofbel stilt exists ia 
dopptcr and code stste (4000 Hi aod 4400 chips). The IR b 
required to acquire PM and carrier at 36 dB-ltx in less than I 
second with P. > 0.9. and P j < 0.01. To accomplish this, the IR 
uses a PN acquisition scheme (2] comprised of a parallel code state 
search and a hybrid (peak detect and threshold) detection 
approach. The two independent code generators are used to permit 
the search of one code uncertainty range while Che previous range's 
peak b compared to a threshold in a nar r ow ed , bandwidth to 
prevent iatse acquisition detection. 

Symbol Timing/Data Processing. The IR uses a digitally 
implemented data-directed delay lock loop for symbol timing 
recovery. The arm filters run over the period from JT/4 to T/4 
(NRZ and biphase) and T/4 to 3T/4 (biphase only) and the outputs 
combined lo form the symbol estimates and timing error signals 
Transition presence b used lo enable the timing error to update the 
loop filter, which in turn provides a new control word to the NCOs. 
The NCOs run at a minimum of four times the symbol rate lo 
provide the sampling clocks for the A/D conversion process and are 
divided down and selected to provide timing to the 1/Ds and dock 
symbols into the decoders and/or out of the IR. The fysnbot syncs 
generate independent timing for the ASDs* l/Ds, etc, permitting 
the I sod Q signal processing channels to be optimized to the 
symbol rate they are processing. 

After symbol timing is recovered, if the symbols are en coded, the 
soft decisions are decoded by either rate 1/2 or rate 1/3 decoders, 
as applicable. For MA and SSA, the symbols are first detnterfeavod 
using a (30,1 16) coovoJutiooal demterteaver included ia the unit. 

Tracking Services. The original TDRSS ground terminal 
performed tracking services external from the data modems using a 
combination of frequency multipliers and counters and time 
interval counters. The forward service, which ideally would follow a 
frequency profile to match the user .motion and thereby mbskntec 
the frequency error seen at the user, would he cUaaped to a kasown 



fixed frequency lo provide a nonvarying dnppler reference. The 
epochs out of the forward code genera trtr and return replica 
generator provided like "start** and "atop" for the measurement of 
the time delay from the ground to the user and back to the ground, 
'lhese epochs would be twitched to pair the active forward and 
return service equipments snd the recovered carrier from the active 
receiver LO providing the return doppler indication, 

AJI of the above functions are performed internal to the IR, in 
conjunction with its matching modulator, by using the bask 
information that is already conUiwcd in the firmware in the 
processors that control the units. Both the IR and matching 
modulator take advantage of direct synthesis NCOt being digital 
devices, the output of which at any time is known given that the 
initial state, the history of the input controls, and the liming 
relations between the reference dock and coo I rot word update 
dock are known. 

Both the modulator and IR use the u*er ephrmerii information in 
the processing of tracking services. The modulator uses it to 
generate the frequency pro 0k to match the doppter the user will 
have when the signal arrives at the user to mmtfltizc a tress on the 
transponder. The IR uses the ephemerts to steer its acquisition 
window about where it eapects the signal when it returns from the 
user and to provide knowledge of the forward frequency and code 
state. 

After the user satellite transponder acquire* the forward signal, tbc 
return signal frequency reflects the two- way doppkr information 
and forward frequency profile, snd the return PN code reflects the 
time delay relative to the forwsrd transmitted cudc. Since the IR 
has the same information the modulator used to generate the NCO 
control words for the forward service, the IR can calculate the 
forward signal history and therefore the current state, without any 
direct connection with the modulator. Ltkewbe, the IR knows the 
sequence of control word* It generated is response to loop errors to 
control the carrier and code tracking loops, and therefore it has the 
doppkr and code state information for the return signals. Using 
this information, which Is already present as part of the 
demodulator implementation, the IR performs the tracking services 
without the need for additional equipment or direct connection 
between the forward and return equipments. Inhibiting the doppter 
compensation on the forward service is not necessary since, with 
the full knowledge of the forward signal, the IR can compensate for 
the changing modulator output. This eliminates the "stress** in the 
user transponder caused by a widely varying input slgnnl (and 
therefore one source of potential communication service 
interruption) since loss of forward signal lock can cause 
interruption of return signal transmission. 

IMPLEMENTATION 

The Integrated Receiver is packaged as a single 1 2 25 -inch -high 
rack* mounted chassis. High-speed CMOS (KCMOS) b the 
prevalent circuit technology, with some ECL present in the 
downconversson/dtgitization processes. Communications devices 
from several manufacturers arc extensrvety employed, including PN 
matched filters, PSK demodulators, FIR filler, decoder, DSP and 
NCO chips. This level of high-gate count application specific 
integrated circuits < ASICs) and custom devices permit ihe entire 
design to be contained on 14 VMR size boards, including a 
commercially available MC68030 processor board with RAM. 
program memory, and bus management. 

The heart of Ihe demodulator b a four-board set consisting of two 
demod/ryrnbol sync boards, an output processor, and a demod 
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processor. Each desnodfeyubol ryac board includes a BPSK 
demodulator (minui the loop filter), two 2 bit a 1024 up 
•cqubitfc* correlators, a lymbol delay lock loop, FIR. and the 
carrier loop NCO-D/A- filter. Tbe oatpat processor ha* the 
decoding *&d ddalerte^ng functions, as wdl as ]*} and external 
input pcattdetect corah ben. The demod processor UTipfcoacnts the 
carrier loop, sod aaeh functions as ryrabot sync aod decoder 
control, ambigsity resolution, sod acquisition a«d lock detection. 
The unit receives aaorle control, configuration, and ephesaem dsU 
from the control computet* via a MJL-STD-1553B bus and 
provides unh status aod co«6*^r*ooa. B(T/BITB UifonnabVo*. aod 
tracking services ascaauremcats by the tame path. A 12- lire fay 
40-characler LCD d^play/touclip«ael b provided to permit 
operatic* aod ditpUy of status aod iaJbnmAtkw by a local operator. 



The critical tanitcn oo IR data rate are the operating speed of the 
daxltsxatioo. matched filtering a*d digital signal 0*ers4»o« (NCD) 
devices. The IR employs both 1.5- aod t- micron CMOS 
trcha oiogy lor the demoduUtor and acquis* I too correlator ASICs, 
which in many cases are mtrinaiealty capable of eaoccdiag the 
speeds required. The costs associ a ted with ASIC sad custom 
devices arc going down white the toots to develop these devices arc 
becoming more plentiful and powerful, further increasing tbcar 
attraclrveaeas. A/D conversi on devi ces, NCOa, etc. of higher 
speeds then required for the STCT are svaitabte today with the 
future sure to hold fetter and more capable device*. ParaAe! 
architecture apctfoaohea are beiag used to peraait naltipk lower 
rate data paths to handle higher rale processing taaka. Ijattly, 
processes which have bee* Uaplementcd in finwwarc caa be moved 
to dedicated hanferare as the need to proe m U^h nfctes U fclL On 
the whole, extemion of this architecture to higher data rates is very 
practical aod is being investigated at this time. 



SUMMARY 

The TDRSS provides a flexible communications system for 
low-earth orbit ipacecrafl and i source of tracking dsu to permit 
the location of the many orbital platform to be accessed. As such. 
TDRSS and ita lucoeasori will provide the basis for near-earth aod 
potentially deep-space communication* for the foreseeable future. 
Ccatrsl to the TDRSS pound terminal is the Integrated Receiver 
which provides daU demodulation, decoding, aod aVintcrieaviag 
over tbe range of 100 sps to 12 Msps. snd atl the tracking services 
in a single high-performance design. This approach - u^ng a 
tingle digital architecture to provide the adaptability without the 
penally suffered by analog implementation* forced to operate over 
continuous ranges — has proven to be very successful. Digital 
tecrmologics and devices have sow advanced in functional 
capability, speed, and level of integration tach thai a greater range 
of data rates aod formats are applicable. As such, they hold 
proraose for higher and higher rales of space data cornmuokations 
•ysleaas in the future at u*cre**ing)y tower acquisition snd operating 
costs. 
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